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ABSTRACT OF THESIS 
Effects of Potassium Source and Rate on Yield, Quality, and Leaf Chemistry of Dark and 
Burley Tobacco, and Residual Effects of Soil K Levels  
 Field trials were conducted in 2016, 2017 and 2018 with dark fire-cured, dark air-cured, 
and burley tobacco at Princeton, Murray and Lexington Kentucky. Tobacco variety used in 2016 
was a low converter (LC) variety, varieties used in 2017 and 2018 were LC and higher converter 
(HC) varieties. Potassium sources used at all locations and in all years were potassium sulfate 
(K2SO4) and potassium chloride (KCl). Application rates used at all locations and in all years 
were 93, 186, 279 kg K ha-1 along with an untreated control that received no potassium. In all 
trials, tobacco that was treated with either potassium source yielded numerically higher than the 
untreated control. In seven out of 10 trials, LC varieties had a higher moisture content than HC 
varieties. Tobacco treated with KCl had higher chloride levels than tobacco treated with K2SO4.
Quality grade index was similar for tobacco treated with KCl compared to tobacco treated with 
K2SO4.  In all trials, tobacco treated with KCl had numerically lower Tobacco Specific 
Nitrosamines (TSNA) levels than tobacco treated with K2SO4. Reductions in TSNA levels were 
30% lower in tobacco treated with KCl compared to tobacco treated with K2SO4.  
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CHAPTER 1.  EFFECTS OF POTASSIUM IN DARK AND BURLEY TOBACCO ON YIELD,
QUALITY, AND LEAF CHEMISTRY
1.1 Literature Review 
Kentucky produces burley, dark air-cured, and dark fire-cured tobacco. In 2017, 
there were 32,577 hectares of tobacco grown in Kentucky, worth $394.7 million, in 2017. 
There were 25,495 hectares of burley grown, producing 144,648,000 kg of cured leaf; 
2,428 hectares of dark air-cured with a production of 18,144,000 kg; and 4,654 hectares 
of dark fire-cured grown that produced 425,040 kg (USDA NASS, 2017). The average 
yield for burley tobacco was 2,296 kg ha-1 with an average price of $4.28 kg-1 in 2017. 
Dark air-cured had an average yield of 3,024 kg ha-1 and an average price of $5.27 kg-1 in 
2017, and dark fire-cured had an average yield of 3,696 kg ha-1, with a 2017 average 
price of $5.93 kg-1 (USDA NASS, 2017).  
From 1982-1992, the consumption of smokeless tobacco products such as moist 
snuff increased by 13.6 million kilograms or by 78% in the United States (USDA, 1992). 
More recently, the CDC reports that snuff consumption increased from 30.0 to 53.3 
billion kilograms, 77.5% in a 15-year timespan from 2000-2015. According to Wang 
(2016), smoking has declined from 20.9% in 2005 to 14% in 2017. One major reason that 
there was such a significant increase in the consumption of smokeless products could be 
restrictions and constraints that have been placed on the use of combustible products in 
public (Djordjevic et al. 1989). Another contribution in the decline of combustible 
products could be the passage of the Family Smoking Prevention and Tobacco Control 
Act that was signed into law in 2009, which gave the Food and Drug Administration 
authority to regulate tobacco products and the tobacco industry (FDA, 2009).  
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1.1.1 Potassium 
Factors such as parent material, mineral and soil weathering, and crop rotation 
influence soil potassium levels. Potassium must be in the soil solution to be taken up by 
plants. Numerous research studies have shown that deficiencies of potassium in plants 
leads to disruptions of photosynthesis, respiration, various enzyme functions, and 
translocation. (Usherwood, 1985). Potassium is described as the “quality element” for 
crop production, as potassium deficiency can often result in reductions of crop growth 
and quality. Potassium has been shown to influence protein quantity and overall crop 
quality, and indirectly affects taste, texture, and shelf life. There has been evidence that 
suggests that the amount of potassium needed to achieve high yields is also sufficient in 
obtaining high quality crops. There is also the converse, more K can be applied than is 
needed to result in luxury consumption that does not benefit the crop or  economic return. 
This problem has been documented in various crops such as food and fiber crops, turf, 
ornamentals, and tobacco (Usherwood, 1985).  
There has been documentation that there are interactions between potassium and 
other essential plant nutrients. There are known interactions with almost all of the 
essential macronutrients, secondary nutrients, and micronutrients. There will be either an 
increase or a decrease in uptake and utilization of other nutrients when potassium is 
applied. There is evidence that when potassium is applied, plant uptake of nutrients such 
as boron, iron, and molybdenum will decrease. The opposite will occur when potassium 
is applied along with nutrients such as copper, manganese, and zinc, as uptake of these 
nutrients will increase in the plant. Other factors that will affect the interactions between 
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potassium and other nutrients is the time that potassium is applied, environmental 
conditions, crops species and varieties (Dibb, 1985).  
There is also literature that discusses the relationship between potassium and plant 
diseases. There is little evidence to conclude that the amount of potassium in the soil and 
plant tissue are always correlated with the amount of disease pressure present (Huber and 
Arny, 1985). However, a study conducted by Jeffers et al. (1982) concluded that added 
potassium usually resulted in a decrease in moldy soybean seed, and it was concluded 
that higher amounts of potassium controlled the fungal growth within the soybean seed.  
1.1.2  Potassium in Tobacco Production 
Tobacco is a labor intensive, high-value crop that has a high production cost. 
According to the 2017 University Of Tennessee Extension Institute Of Agriculture 
tobacco budgets, the cost of fertilizer and lime accounts for 12%, 10%, and 9% of total 
production costs for burley, dark air-cured, and dark fire-cured tobacco, respectively 
(Galloway 2017, 2017a, 2017b). Tobacco is a luxury consumer of potassium, taking up 
more than is needed for maximum yields and taking up more of this nutrient than any 
other nutrient. Research results indicated that K2SO4 has a positive effect on tobacco 
combustibility by increasing the glowing time (Usherwood, 1985). There has also been 
evidence of a positive correlation between the amount of potassium in the cured leaf and 
the rate of burn and fireholding capacity of combustible tobacco products (Collins and 
Hawks, 1993). Johnson and Sims (1986) identified that tobacco treated with potassium 
chloride had a lower burn duration compared to potassium sulfate treated tobacco. When 
potassium chloride was applied in the spring of the year, the burn duration was lower 
than if potassium chloride was applied in the fall of the year. Myher et al. (1956) defined 
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poor leaf-burn as a low capacity for a combustible product to hold fire when ignited. 
These authors go on to document that potassium is beneficial to leaf-burn, while 
chloride, nitrogen, and sulfur are detrimental to leaf-burn. McCants (1960) noted 
increases in potassium content, could lead to a decrease in nicotine content.  
Soil testing has reveald that approximately 30% of tobacco fields in Kentucky do 
not require any additional potassium for the current crop year (Pearce and Denton, 2013). 
Potassium deficiency symptoms occur when potassium levels in the soil are low or 
environmental conditions reduce the plant’s ability to take up the potassium. Those visual 
symptoms will first appear on the leaf tip and margin of older plant growth in young 
plants, and then on the new growth during later growth stages. These symptoms are first 
observed as yellowing followed by mottling and chlorosis of the leaves and eventually 
tissue death, giving the leaf a tattered appearance (Sims, 1985).  
Potassium recommendations vary between different regions (Ritchey et al., 2018). 
Recommendations for potassium applications vary based on soil type, application timing, 
residual soil potassium, and the application method used. In addition, different types of 
tobacco require different amounts of potassium (Vann et al., 2012).  
University of Kentucky recommends 0 to 279 kg ha-1 potash for dark tobacco and 
0 to 372 kg ha-1 potash for burley, depending on soil test potassium levels. This 
difference in potassium recommendations between dark and burley tobacco is due to 
differences in crop removal of potassium between these two tobacco types. Crop nutrient 
removal is the amount of nutrients removed from the field in the harvested portion of the 
crop. Burley tobacco removes 2.82 kg K per 100 kg of cured leaf, while dark air-cured 
5 
and dark fire-cured tobacco remove 2.28 kg K per 100 kg cured leaf (Ritchey and 
McGrath, 2018).  
1.1.3 Potassium Effects on Tobacco 
Sims (1985) reported yield responses to potassium at rates up to 560 kg ha-1. 
Leggett et al. (1977) showed that there was a 12% increase in  yield and market value 
when potassium was applied at 112 kg ha-1 compared to no potassium applied, with 
additional increases in market value at 224 and 448 kg ha-1. There has also been evidence 
showing that when potassium is applied at 448 kg ha-1 compared to an untreated control, 
calcium and magnesium were reduced 23 and 32% respectively in the leaf. At 448 kg ha-1 
of applied potassium, potassium levels doubled in tobacco stalks compared to the 
untreated control (Leggett et al., 1977). Higher levels of potassium in the cured leaf, 
resulted in lower levels of calcium and magnesium and conversely, higher levels of 
calcium and magnesium result in lower levels of potassium (Collins and Hawks, 1993). 
As the amount of applied potassium increased, nicotine in the smoke from burley 
cigarettes decreased. The amount of nicotine was reduced by 7% as potassium rates 
increased from 0 to 448 kg ha-1, although there was no reduction in the total amount of 
alkaloids (Leggett et al., 1977).  
Collins and Hawks (1993) found that different tobacco varieties show potassium 
deficiency symptoms at different growth stages, some earlier in the growing season and 
some later. Potassium is taken up by tobacco plants rapidly in the early growth stages and 
then diminishes quickly in later growth due to the availability of potassium in the soil 
(Collins and Hawks, 1993). It was observed that tobacco takes up 81% of the total 
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amount of potassium between 41 and 68 days after transplanting. The maximum daily 
potassium uptake found in the leaves was at 54 days after transplanting, which 
demonstrates that potassium is present in significant quantities in early stages of 
development (Moustakas and Ntzanis, 2005).  
1.1.4 Chloride 
Kentucky Fertilizer law limits potassium chloride (KCl) application to no more 
than 123 kg KCl ha-1 on tobacco fields after January 1. Spring applications of Cl from all 
sources should not exceed 56 kg of Cl- ha-1 due to the possibility of reaching excessive 
levels of chloride in cured tobacco leaves. Potassium sulfate should be the primary 
potassium fertilizer used on tobacco fields after January 1 of the current crop year 
(Ritchey and McGrath, 2018), although potassium sulfate is approximately 2.5 times 
more expensive than potassium chloride.  
When KCl was applied in October, over half the Cl- had leached below 45 cm by 
the following May. Although, when KCl was applied in March and April, 60-85% of the 
Cl- was still within the upper 45 cm of the soil profile in May (Johnson and Sims, 1986).  
In the same research trial, Johnson and Sims (1986) determined that fall-applied 
potassium chloride had only 27-60% of the chloride in the leaves compared to the spring 
applied potassium chloride. Johnson and Sims (1986) also concluded that the 448 kg K 
rate had double the chloride concentrations in leaves than the 112 kg K rate, and the April 
applications had chloride levels that were 2.5-3.7 times higher than the October 
application. Maximum Cl- levels in cured tobacco that are considered acceptable by the 
industry are 1% Cl- or less. At more than 1% Cl- in cured tobacco leaf, detrimental effects 
7 
such as a higher moisture content, bad aroma, undesirable taste, reduced burn rate, and 
poor combustibility in combustible products may occur (Ishizaki and Akiya, 1978). 
Evanylo and Sims (1987) demonstrated that as the rate of potassium chloride applied 
increased, the amount of Cl- in the cured leaf also increased, and potassium chloride 
resulted in higher amounts of Cl- in the cured leaf than potassium sulfate. Yield and 
quality of tobacco increased with potassium application up to 66 kg KCl ha-1 (Collins and 
Hawks, 1993). There has also been evidence showing that low rates of KCl applied in the 
spring increase yields with minimum effects to the value and quality of cured leaf (Sims, 
1985). Collins and Hawks (1993) and others discuss that potassium fertilizer is applied at 
two to three times the rate needed for maximum yield, and these higher rates can 
potentially increase crop quality. These authors state that tobacco growers believe that the 
increase in potassium application produces cured tobacco that is thinner, more pliable and 
elastic, and has a deeper orange color. The authors go on to state that in controlled 
experiments, these physical effects are minute differences. Other studies have 
demonstrated that when using KCl, tobacco has a higher yield than tobacco fertilized 
with K2SO4 (Stout et al., 1951).  
1.1.5 TSNA 
Tobacco Specific Nitrosamines (TSNA) are formed from tobacco alkaloids 
contained within tobacco leaves and primarily produced during curing. Some TSNAs are 
known carcinogens. These TSNAs are found in minute levels in freshly harvested 
tobacco, and then start to increase during the curing process. There are four major 
TSNAs: nitrosonornicotine (NNN), 4- (methylnitrosamino)-1-(3-pyridyl)-1-butanone 
(NNK), N nitrosoanatabine (NAT), and N-nitrosoanabasine (NAB) (Brunnemann et al. 
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1983, Fisher et al. 1990, Hecht 1998, Hoffman et al. 1994). According to Kavvadias et al. 
(2009), NNN and NNK are class one carcinogens and NAB and NAT are class three 
carcinogens. According to the American Cancer Society, class one carcinogens are 
carcinogenic to humans, and class three are unclassifiable to carcinogenicity in humans. 
NNN, formed from the nitrosation of the alkaloid nornicotine, is the most important of 
these four TSNAs in both burley and dark tobacco production. The actual amount of 
specific alkaloid precursors that are present and the amount of the nitrosating agent 
present are other factors that affect TSNA accumulation (Jack et al., 2019).  
Djordjevic et al. (1989) stated that there is a positive correlation between 
alkaloids and TSNA accumulation. There has also been evidence that there is a 
correlation between the amount of nitrate and TSNA in tobacco leaf and that in cigarette 
smoke (Brunneman et al., 1983). Increasing the amount of added KCl or K2SO4 increased 
total alkaloid concentration (Evanylo and Sims, 1987). Nitrate concentrations were lower 
in tobacco treated with spring applied potassium chloride than with spring applied 
potassium sulfate (Johnson and Sims, 1986). Decreased nitrate concentrations could 
result in lower activity of chemical reactions and TSNA formation. Previous research has 
not directly compared the effect of KCl and K2SO4 on TSNA in cured leaf of dark or 
burley tobacco. 
Objectives of this project: 
1) Determine if potassium source and rate has an effect on yield and leaf quality in dark
and burley tobacco. 
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2) Evaluate the effect of potassium source and application rate on chloride and TSNA
content in cured leaf of dark and burley tobacco. 
1.2  Materials and Methods 
Field trials were conducted in 2016, 2017 and 2018. In 2016, dark air-cured 
(DAC) and dark fire-cured (DFC) trials were conducted at the University of Kentucky 
Research and Education Center in Princeton, KY. In 2017 and 2018, DAC and DFC trials 
were conducted at Princeton as well as at the West Farm of Murray State University in 
Murray, KY; and burley tobacco trials were conducted at the Kentucky Agricultural 
Experiment Station Spindletop Farm in Lexington, KY.  
Soil types at Princeton, Murray, and Lexington were Crider silt loam (fine-silty, 
mixed, active Typic Paleudalfs), Grenada silt loam (Fine-silty, mixed, active, thermic 
Oxyaquic Fraglossudalfs), and Bluegrass-Maury silt loam (fine-silty, mixed, active mesic 
Typic Paleudalfs), respectively (USDA-NRCS, 2018).  
Initial soil samples were taken at 15 cm depths at field sites in early spring (at 
least six weeks prior to transplanting) each year to determine existing potassium levels at 
each site. Field sites were selected based on one bulk soil analysis at each potential site. 
University of Kentucky, Regulatory Services determined soil pH and used Mehlich 3 to 
determine K levels. Initial soil sample results showed low-medium initial potassium 
levels at all sites (Table 1). Initial soil pH at each site was 6.2, 6.8, and 6.4 at Princeton in 
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2016, 2017, and 2018 respectively; 6 and 7.2 at Murray in 2017 and 2018; and 5.7 and 
5.9 at Lexington in 2017 and 2018, respectively.  
Nitrogen was applied to all dark tobacco test sites at Princeton and Murray as a 
pre-transplant broadcast application at 308 kg N ha-1 within 10 days prior to 
transplanting. Nitrogen and phosphorus sources were ammonium nitrate and 
diammonium phosphate (DAP) at Princeton and urea and DAP at Murray. Broadcast 
phosphorus was also applied with the nitrogen application at 20-89 kg P ha-1, depending 
on soil test recommendations for each of the dark tobacco test sites. Broadcast nitrogen 
and phosphorus applications were incorporated by disking immediately after application 
at Princeton and Murray.  
Nitrogen was applied to both Lexington trials as a pre-transplant broadcast 
application at 308 kg K ha-1, within two weeks of transplanting. There was no 
phosphorous applied in either year because soil test values for P were very high. In 2017 
the soil pH was 5.7, and in 2018 the soil pH was 5.9. In 2017 3629 kg lime ha-1 was 
added, and in 2018, 2722 kg lime ha-1 was added. Broadcast nitrogen and lime 
applications were incorporated by disking immediately after application.        
Plots were 4.1 m wide by 9.1 m long at Princeton in 2016 and 2017, and 4.1 m 
wide by 12.2 m long in 2018. Plots at Murray were 4.1 m wide by 12.2 m long in 2017 
and 2018. Plots were 4 rows with a row spacing of 101.6 cm and a plant spacing of 81.3 
cm at Princeton and Murry. Burley plots in Lexington were 4 rows, 4.3 m wide by 10.6 m 
long with a row and plant spacing of 104.1 cm by 53.3 cm, respectively.  
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Potassium sources used at all locations and in all years were potassium sulfate 
(K2SO4) with an analysis of 415 g K kg-1 and potassium chloride (KCl) with a nutrient 
content of 500 g K kg-1. Application rates for all years and locations were 93, 186, 279 kg 
K ha-1 along with an untreated control that received no potassium. Potassium treatments 
were broadcast applied by hand on a plot-by-plot basis one day to one week before 
transplanting for all years and locations and immediately incorporated with a disk or field 
cultivator at Princeton and Lexington, or a PTO-driven horizontal rotary tiller at Murray.  
2016 trials were arranged in a randomized complete block design (RCBD) with 
four replications while 2017 and 2018 trials were a split-plot design with four 
replications. Trials in 2017 and 2018 included low converter (LC) and high converter 
(HC) variety selections to aid in quantification of the effect of potassium source and rate 
on tobacco-specific nitrosamines (TSNA). When LC and HC selections are grown and 
cured under the same conditions, HC selections have greater potential to convert nicotine 
to nornicotine, and thus have higher potential to form NNN. Dark tobacco varieties used 
were KT D14LC at Princeton in 2016, and KT D14LC and Narrowleaf Madole HC at 
Princeton and Murray in 2017 and 2018. TN90LC and TN90HC were the varieties used 
in the burley trials for both 2017 and 2018. In all 2017 and 2018 trials, main plot factors 
were potassium source and rate, while the split plot factor was variety selection. Within 
each four-row plot, two rows were the LC selection and two rows were the HC selection. 
Variety selection arrangements within each plot were completely randomized, while 
potassium source and potassium rate were arranged in a randomized complete block 
design for all 2017 and 2018 trials. In 2016, the center two rows of each four-row plot 
were used for data collection. When two varieties were used in 2017 and 2018 in the 
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DAC and DFC trials, a two-row border that received no potassium was included between 
plots to ensure that there was no overlap in potassium application between each four-row 
plot. In the burley trials, a two row border was included to ensure no overlap in potassium 
application, although these borders did receive potassium.  
In all trials, 24 to 30 tobacco plants were stalk harvested at maturity and allowed 
to field wilt before placing five to six stalks of tobacco evenly on tobacco sticks. Sticks of 
tobacco from the dark air-cured and burley trials were placed in typical air-curing barns 
while dark fire-cured tobacco was placed in standard fire-curing barns. Recommended air 
and fire-curing methods were used. The Princeton fire-cured trials were fired three times 
in 2016, 2017, and 2018 and the Murray fire-cured trials were fired four times in 2017 
and 2018.  
Following curing, tobacco was removed from curing barns, DAC and DFC trials 
were stripped into two stalk positions. Burley trials were stripped into three stalk 
positions in 2017 and four stalk positions in 2018. Stalk positions were weighed and 
samples of each stalk position were assigned a Federal grade that was converted into a 
quality grade index (Miller and Legg 1990; Bowman et al., 1989). Quality grade index is 
a weighted average of grade indices received for each stalk position. Stalk positions that 
contribute more to total yield also contribute more to total quality grade index. At the 
time of stripping, cured leaf samples, from the fourth leaf from the top of 20 plants per 
plot, were collected and shipped to RJ Reynolds Tobacco Company laboratory in 
Winston-Salem, NC for leaf-chemistry analysis. In 2016, whole leaf samples were 
analyzed after tobacco was frozen with the midrib still intact. In 2017 and 2018, leaf 
chemistry samples were destemmed and air-dried prior to shipping. Moisture percentage 
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was determined from the same cured leaf samples at the time samples were received for 
leaf chemistry analysis. 
Data were analyzed using Statistical Analysis Software (SAS) version 9.4. In 
2016, RCBD was chosen to determine the main effects of potassium source and 
potassium rate on tobacco variety KTD14LC. Analysis conducted were total yield, 
moisture, chloride content, grade index, and total TSNA. In 2017 and 2018, a split plot 
RCBD was chosen so that the main effects of potassium source and potassium rate on 
tobacco varieties, KTD14LC, NLMadoleHC, TN90LC, and TN90HC could be 
determined. Analyses conducted were yield, moisture, chloride content (only in 2018), 
grade index (in dark trials only), and TSNA. Following curing, tobacco was removed 
from curing barns when adequate moisture was present in the leaf to allow handling and 
leaf removal from stalks. Standard market preparation practices were used for all trials. 
Total yield was calculated on a plot-by-plot basis by weighing each stalk position to 
determine the yield of the plot. Equation 1 describes the formula that was used to 
calculate the total yield on a kg ha-1 basis. Total TSNA content was determined by the 
summation of NNN, NAB, NAT, and NNK . For the 2016 data, a mixed model was used 
with potassium source and rate as fixed effects and block was a random effect. For the 
2017 data, total yield, moisture, chloride content, etc. were analyzed via a mixed model 
with source, potassium, and variety as fixed effects, with block effects and whole plot 
effects as random effects.  For all data analyses except TSNA, data was analyzed by year, 
by location and by curing type excluding. Total TSNA was analyzed by year, by location, 
by curing type and by variety. The untreated control that received no potassium was not 
included in the data analysis due to their only being one untreated control. PROC 
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GLIMMIX was used as the statistical model to determine an analysis of variance 
(ANOVA) and means were separated using least square means, at an alpha of <0.10. 
Data was sliced if there was an interaction between variables; i.e., fix a value of one 
factor, and then examine the differences as the other factor changes. The untreated 
control was analyzed by using a pairwise comparison to compare the untreated control to 
both K2SO4 and KCl. Contrasts were constructed for TSNA analysis to test for effect of 
K2SO4 and KCl compared to tobacco from the untreated control that received no 
potassium.   
Equation 1. Equation to calculate the total yield on a kg ha-1 basis. Yield of plot is 
the total weight of all stalk positons in a plot by plot basis after stripping, stalk number is 
the number of stalks that are in the plot, row spacing (RS) is the distance between rows, 
plant spacing (PS) is that distance between plants within a row.  
𝑘𝑘𝑘𝑘 ℎ𝑎𝑎−1𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 = (𝑌𝑌𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 𝑜𝑜𝑜𝑜 𝑝𝑝𝑦𝑦𝑜𝑜𝑝𝑝 (𝑘𝑘𝑘𝑘)
𝑆𝑆𝑝𝑝𝑎𝑎𝑦𝑦𝑘𝑘 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑦𝑦𝑁𝑁 ) × ( 10000(𝑅𝑅𝑆𝑆 × 𝑃𝑃𝑆𝑆)1000 ) 
1.3 Results and Discussion 
1.3.1 Yield 
The analysis of variance (ANOVA) (Table 2), showed that in the 2017 Princeton and 
Murray DAC trials, and the Lexington burley trial there was an effect of variety for yield 
(kg ha-1) (p= 0.0557, 0.0812, 0.0326) (Table 3). There was also an effect of yield (kg ha-
1) in the 2018 Princeton and Murray DAC and DFC trials (<.0001, <.0001, 0.0001,
0.0307, respectively) (Table 3). Dark tobacco variety KTD14LC yielded higher than 
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NLMadoleHC and burley variety TN90LC yielded higher than TN90HC in 2017 and 
2018 (Table 3). 
 In the 2017 Princeton DFC trial, there was an interaction of rate and variety 
(Table 4) (p=0.0715). At 93 kg K ha-1, KTD14LC variety (2789 kg ha-1) yielded higher 
than the NLMadoleHC variety (2554 kg ha-1) (p=0.0431) (Table 4). The NLMadoleHC 
variety (2801 kg ha-1), at 186 kg K ha-1 rate yielded higher than the 93 and 279 kg K ha-1 
(2554 and 2556 kg ha-1, respectively) (Table 4). Tobacco from the untreated control in 
both the KTD14LC (2300 kg ha-1) and NLMadoleHC (2298 kg ha-1) in the 2017 
Princeton DFC trial yielded lower than that from any potassium treatment (Table 4). 
Likewise, tobacco from the untreated control (1736 kg ha-1) yielded lower than all other 
potassium treatments (2219 kg ha-1) in the 2017 Murray DAC trial (p=0.0050) (Table 5). 
These results indicated that there was a response to potassium application, initial soil test 
for this site was 108 kg K ha-1 with a recommendation of 261 kg K ha-1.  
In the 2018 DFC trial at Murray there was an interaction of rate and variety 
(p=0.0297) (Table 6). In both the 186 and 279 kg K ha-1 rates, the NLMadoleHC variety 
had a lower yield than the KTD14LC variety. Table 6 indicates that NLMadoleHC that 
received only 93 kg K ha-1 yielded higher than NLMadoleHC that received 186 or 279 kg 
K ha-1. According to the Burley and Dark Tobacco Production Guide, NLMadole has a 
lower relative yield score (7) compared to KTD14 (8), is an agreement with differences 
in yield identified above.  
There was an interaction of source and rate (p=0.0794) for yield in the burley 
2017 trial (Table 7). Tobacco receiving 93 kg K ha-1 had a higher yield when treated 
with K2SO4 (2468 kg ha-1) than KCl (2185 kg ha-1) (p=0.0169). Tobacco treated with KCl at 
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the highest two rates had higher yields (2462 and 2430 kg ha-1) than when treated with 93 
kg K ha-1 KCl (2185 kg ha-1) (p=0.0367). The untreated control yield (2060 kg ha-1) was 
lower than tobacco treated with all rates of K2SO4 (2468, 2479, and 2407 kg ha-1) and the 
186 and 279 kg K ha-1 of KCl (2462 and 2430 kg ha-1, respectively).  
In the 2018 burley trial, there was an effect of potassium source (p=0.0708) 
(Table 8). Tobacco treated with KCl had a higher yield (1621 kg ha-1) than tobacco 
treated with K2SO4 (1500 kg ha-1) and the untreated control (753 kg ha-1) yielded lower 
than tobacco treated with either potassium source. Yields in 2018 were below average 
which can be contributed to excessive rainfall during the growing season.  
1.3.2 Moisture 
Effects of potassium application on cured leaf moisture content was variable. 
There was an effect of potassium source on the percent moisture in the cured leaf in the 
2016 Princeton DAC trial (p=0.013) and the 2018 burley trial (p=0.0847) (Table 9). In 
the DAC trial, tobacco treated with KCl had a higher moisture content (12.29%) 
compared to K2SO4 (10.44%). In the 2018 burley trial, tobacco treated with KCl had a 
higher moisture content (6.48%) compared to tobacco treated with K2SO4 (6.28%) 
(Table 10). Moisture analysis was done at ambient moisture on whole leaf in 2016, while 
moisture analysis was done on lamina only following air-drying in 2017 and 2018. This 
difference in sample preparation explains why moisture levels in 2017-2018 were 
approximately half of that in 2016. 
KTD14LC had a higher moisture content than NLMadoleHC across both years 
and locations (Table 11). In the 2017 DFC trials at Princeton and Murray, that was an 
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effect of potassium rate (p=0.0396 and 0.0539, respectively) on percent moisture (Table 
12). In the Princeton trial, tobacco receiving 93 kg K ha-1 had the highest moisture 
percentage (6.07%) compared to the two higher rates of potassium. In the Murray trial the 
93 kg K ha-1 had a higher moisture percentage (5.97%) compared to tobacco receiving 
279 kg K ha-1 (5.60%). It is unclear why tobacco receiving lower potassium rates had 
significantly higher moisture.  
For the 2017 Princeton DAC trial, there was an interaction of source and variety 
(p=0.0353) (Table 13). Within both potassium sources, NLMadoleHC had lower percent 
moisture than KTD14LC. NLMadoleHC receiving K2SO4 had lower percent moisture 
than NLMadoleHC receiving KCl.  
 In the 2017 Princeton DFC trial, the untreated control (5.96%) had a higher 
moisture percentage than tobacco treated with either potassium source (5.89%) 
(p=0.0971) (Table 14). In the 2017 Murray DFC trial, the untreated control (6.15%) had a 
higher moisture percentage than tobacco treated with any potassium source or rate 
(5.78%) (p=0.0505) (Table 15).  
 For the 2018 Murray DAC trial, there was an interaction of source and variety 
(p=0.0203) (Table 16). In K2SO4 treatments, KTD14LC had a higher moisture percentage 
(6.04%) than the NLMadoleHC variety (5.50%) (p<.0001). In tobacco treated with KCl, 
KTD14LC (5.87%) had a higher moisture percentage than NLMadoleHC variety (5.58%) 
(p=0.0005).  
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In the 2018 Murray DAC trial, there was an interaction of potassium rate and 
variety (p=0.0367) (Table 17). For all potassium rates, KTD14LC had a higher moisture 
content than the NLMadoleHC variety. 
 In the 2017 burley trial there was an interaction of potassium source, rate and 
variety (0.0069) for percent moisture (Table 18). In the TN90LC variety, tobacco treated 
with K2SO4 at the two highest rates of potassium had higher moisture contents (6.58% 
and 6.53%, respectfully) compared to the lowest rate of potassium (6.03%) (p=0.0478). 
In the TN90HC variety at the lowest rate of potassium, tobacco treated with K2SO4 had a 
higher moisture content (6.77%) compared to tobacco treated with KCl (6.04%) 
(p=0.0209). TN90HC treated with K2SO4 at the lowest rate of potassium applied had a 
higher moisture content (6.77%) compared to the higher rates of K2SO4 (6.16% and 
6.17%) (p=0.0774).  
1.3.3  Chloride 
There was a main effect of potassium source for the 2016 Princeton DAC and DFC trials, 
and all of the 2018 trials (Table 19). As expected, tobacco treated with KCl had higher 
chloride content than tobacco treated with K2SO4 in all trials (Table 20).  
In the 2016 Princeton DFC trial, the 2018 Princeton DAC and DFC trials, and the 
2018 Murray DFC trial, there was an effect of rate for chloride levels (Table 21). In all 
cases, as potassium rate increased percent chloride in the cured leaf also increases. The 
untreated control in both the DAC and DFC trials had lower percent chloride than all 
other potassium treatments (Table 21). For the 2016 Princeton DFC trial, there was an 
interaction of source and rate for chloride percentage in the cured leaf (Table 22). KCl 
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applied to tobacco at 186 or 279 kg K ha-1 (3.87%) had a higher chloride level than 
tobacco receiving K2SO4. For tobacco treated with KCl only, the two higher rates of 186 
and 249 kg K ha-1 resulted in higher chloride levels (4.15% and 3.87%, respectively) 
compared to the lowest rate of KCl applied (0.62%) (p=0.0030).  
There was an interaction of source and rate for the 2018 Princeton DAC trial 
(p<.0001) (Table 23). For all three rates of potassium applied, tobacco treated with KCl 
had higher percent chloride than tobacco treated with K2SO4. As the amount of KCl 
applied increased the amount of chloride in the cured leaf also increased.  
For the 2018 Princeton DFC trial, there was an interaction of source and rate for 
percent chloride in the cured leaf (p<.0001) (Table 24). In all cases, tobacco treated with 
KCl had higher percent chloride than tobacco treated with K2SO4. As the amount of 
potassium chloride applied increases, the percent chloride also increased (p<.0001). 
In the 2018 Murray DFC trial, there was an interaction of potassium rate and 
source (p=.0001) (Table 25). In all cases, tobacco that was treated with KCl had higher 
percent chloride in the cured leaf compared to tobacco that was treated with K2SO4. With 
increasing rates of potassium chloride, there was an increase in percent chloride in the 
cured lead (p<.0001).  
There was an effect of variety for the 2018 DAC and DFC trials at Princeton and 
the DFC trial at Murray (Table 26). In all three of these trials, KTD14LC had higher 
percent chloride in the cured leaf compared to the NLMadoleHC variety. In the 2018 
DAC trial at Princeton, there was an interaction of potassium source and variety 
(p=0.0483) (Table 27). Tobacco that was treated with KCl had higher percent chloride in 
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the cured leaf in the KTD14LC variety (1.38%) than the NLMadoleHC variety (1.23%) 
(p=0.0036). In both KTD14LC and NLMadoleHC, tobacco that was treated with KCl had 
higher percent chloride in the cured leaf than tobacco treated with K2SO4 (p<.00001, 
p<.0001, respectively). In the untreated control that received no potassium, percent 
chloride levels were similar to tobacco that was treated with K2SO4.  
There was an interaction of potassium source and variety in the 2018 Princeton 
DFC trial (p=0.0125) (Table 28). Tobacco that was treated with KCl had higher percent 
chloride in the KTD14LC variety compared to the NLMadoleHC variety (p=0.0002). 
Percent chloride was higher in both tobacco varieties when KCl was used compared to 
K2SO4. The untreated control that received no potassium had similar chloride levels to 
that of tobacco that was treated with K2SO4.  
In the 2018 Murray DAC and DFC trials, and the Lexington burley trial, there 
was an effect of potassium application on percent chloride levels in the cured leaf 
compared to the untreated control that received no potassium (Table 29). In all trials 
stated above, the untreated control that received no potassium had similar chloride levels 
to tobacco treated with K2SO4 and significantly lower chloride levels than tobacco that 
was treated with KCl.  
1.3.4  Grade Index 
Potassium source was significant for grade index in the 2017 Princeton DFC trial and 
Murray DAC and DFC trials (Table 30). In all trials stated above, tobacco treated with 
KCl had higher grade index than tobacco treated with K2SO4 (Table 31). In the 2016 and 
2017 Princeton DFC trial, there was an effect of potassium rate for grade index (Table 
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32). In the 2016 DFC trial, grade index decreased as potassium rate increased (p=0.0650). 
Conversely, grade index increased with potassium rate in the 2017 DFC trial (p=0.0290).  
 There was an effect of variety for grade index in the 2017 Princeton and Murray 
DAC and DFC trials, the 2018 Princeton DAC trial and the 2018 Murray DAC and DFC 
trials (Table 33). In 2017, KTD14LC had a higher grade index then NLMadoleHC in the 
Princeton DAC and DFC trial, and the Murray DFC trial. NLMadoleHC had a higher 
grade index in the Murray DAC trial. In 2018, the NLMadoleHC variety had a higher 
grade index in the Princeton and Murray DAC trials, and KTD14LC had a higher grade 
index in the Murray DFC trial.  
 There was an interaction of potassium source and rate for the 2017 Murray DFC 
trial (p=0.0836) (Table 34). In the two lowest rates of potassium applied, tobacco that 
was treated with KCl had a higher grade index than tobacco that was treated with K2SO4. 
In tobacco that was treated with K2SO4, as the potassium rate increased so did the grade 
index (p=0.0532).  
In the 2018 DAC trial at Murray there was an interaction of potassium rate and 
variety (p=0.0606) (Table 35). At 186 kg K ha-1, KTD14LC had a higher grade index 
than the NLMadoleHC variety (p=0.0054).  
 There was an interaction of source, rate, and variety for grade index in the 2017 
Princeton DFC trial (Table 36) (p=0.0563). In KTD14LC, tobacco treated with 186 kg K 
ha-1 of KCl had a higher grade index than tobacco treated with K2SO4 at the same rate 
(p=0.0028). Tobacco that was treated with K2SO4 had the highest grade index at both the 
22 
lowest and highest rates of potassium applied (p=0.0271). Tobacco that was treated with 
KCl had a higher grade index with the two higher rates of potassium (p=0.0274).  
In 2017, the Murray DFC trial had an interaction of source, rate, and variety for 
grade index (Table 37) (p=0.0103). In the KTD14LC variety, in the lowest and highest 
rates of potassium applied, tobacco that received KCl as the potassium source had a 
higher grade index than tobacco that was treated with K2SO4. In the NLMadoleHC 
variety, at the two lowest rates, tobacco that was treated with KCl had a higher grade 
index than tobacco that was treated with K2SO4. In tobacco that was treated with K2SO4, 
tobacco that received the lowest and highest rates had the higher grade index (p=0.0282).  
1.3.5  TSNA KTD14LC and TN90LC 
There is an effect of potassium source for TSNA levels in the 2016 Princeton DFC trial, 
2017 and 2018 Princeton DAC and DFC trials, 2017 Murray DAC trial, 2018 Murray 
DFC and in 2017 and 2018 Lexington burley trials (Table 38). In all trials listed above, 
tobacco treated with KCl had lower TSNA levels than tobacco treated with K2SO4 (Table 
39).  
In the 2018 Lexington burley trial, there was an effect of rate for TSNA levels 
(p=0.0867) (Table 40). As the rate of potassium applied increased, the amount of TSNAs 
decreased. The untreated control was significantly higher than tobacco treated with 186 
kg K ha-1 of K2SO4 and all rates of KCl.  
In the 2017 Princeton DAC trial, there was an interaction of potassium source and 
rate (p=0.0109) (Table 41). In all rates, tobacco treated with KCl had lower TSNA levels 
than tobacco treated with K2SO4. Tobacco treated with the highest rate of K2SO4 had the 
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highest TSNA (p=0.0072). Tobacco from the untreated control that received no 
potassium had higher TSNA levels than tobacco that was treated with any rate of KCl 
and similar to tobacco treated with any rate of K2SO4. 
There was an interaction of potassium source and rate for the 2017 Princeton DFC 
(p=0.0450) (Table 42). Tobacco that received 186 kg K ha-1 as KCl had lower TSNA 
levels than tobacco that was treated with K2SO4. In tobacco that was treated with K2SO4, 
the 186 kg K ha-1 had the highest TSNA levels compared to the lowest and highest rates 
of K2SO4 (p=0.0710). The untreated control that received no potassium had lower TSNA 
levels then the 186 kg K ha-1 of K2SO4 and higher than the same rate of KCl.  
In the 2018 Murray DFC trial, there was an interaction of source and rate 
(p=0.0468) in KTD14LC (Table 43). KTD14LC treated with 93 kg K ha-1 or 279 kg K 
ha-1 of KCl had lower TSNA levels than tobacco treated with K2SO4  at the same rate. 
The untreated control that received no potassium also had higher TSNA levels than 
tobacco treated with KCl.  
Table 44 compares tobacco from the untreated control that received no potassium 
to tobacco that was treated with K2SO4 and KCl. There were 10 out of 12 trials where the 
untreated control had similar TSNA levels to tobacco treated with K2SO4. In five out of 
12 trials, tobacco that was treated with KCl had lower TSNA levels than tobacco that 
received no potassium.  
1.3.6  TSNA NLMadoleHC and TN90HC 
There was an effect of potassium source in the 2017 Princeton DAC and DFC 
trials, Murray DFC trial, Lexington burley trial and in the 2018 Princeton DAC trial 
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(Table 45). In all trials stated above, tobacco that was treated with KCl had lower TSNA 
levels than tobacco treated with K2SO4 (Table 46). Table 47 compares tobacco from the 
untreated control that received no potassium to tobacco that was treated with K2SO4 and 
KCl. In five out of 10 trials, the untreated control had similar TSNA levels to tobacco that 
was treated with K2SO4, while TSNA was lower in untreated tobacco in the other five 
trials. Tobacco from the untreated control had higher TSNA levels than tobacco treated 
with KCl in three out of 10 trials, and was similar to KCl-treated tobacco in the other 
seven trials.  
1.4 Conclusion 
The low converter varieties yielded higher than the high converter varieties in 
seven out of 10 trials, regardless of potassium source or rate. Tobacco treated with either 
potassium source yielded significantly higher than tobacco that received no potassium in 
four out of 12 trials, and had a numerically higher yield in 12 out of 12 trials. The low 
converter varieties had higher moisture content than high converter varieties in seven out 
of 10 trials. Chloride levels in cured leaf were >1% where KCl was used and <1% in 
tobacco receiving K2SO4 or no potassium. Despite chloride levels that exceeded 1% in 
cured leaf where KCl was used, quality grade index was similar to tobacco receiving 
K2SO4 in seven out of 10 trials and higher than K2SO4 treated tobacco in three of 10 
trials. In every trial, tobacco treated with KCl had numerically lower TSNA levels than 
tobacco treated with K2SO4. Tobacco treated with KCl reduced total TSNA levels by an 
average of 30% compared to tobacco that was treated with K2SO4. 
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Reduction of TSNA as a result of spring applications of potassium chloride was 
the most surprising finding of this research. In addition, potassium chloride resulted in 
33% and 38.5% reductions in the TSNA precursors nitrate and nitrite in cured leaf, 
respectively, compared to potassium sulfate. These nitrate results are consistent with 
findings from Johnson and Sims (1986).  Possible mechanisms of this could be an 
increase in the salinity of the leaf tissue due to increased chloride content, thereby 
lowering the activity of the chemical reactions that lead to TSNA formation. 
Alternatively, nitrate could be antagonized by chloride, resulting in lowering nitrite and 
lower TSNA formation (Fugua et al. 1974).  
These results showing lower TSNA from potassium chloride applications, along 
with minimal effects on moisture and quality grade index, may cause the tobacco industry 
to rethink its position on recommending potassium sulfate as the preferred potassium 
source for tobacco production. Use of potassium chloride as the predominate potassium 
source for tobacco production would also result in 30 to 50% savings in potassium 
fertilizer cost for tobacco growers (Ritchey and McGrath, 2018). A 30% reduction in 
TSNA from a simple change in potassium source without any significant negative effects 
on yield or quality, would be a very favorable outcome for the tobacco industry as well as 









Soil K value 
(kg K ha-1) 







Transplant Date Harvest Date 
Princeton 2016 143 Low 223 May 24 May 25 August 23 
Princeton 
2017 
150 Low 214 May 23 May 26 September 21 
Murray 108 Low 261 June 16 June 21 October 12 
Lexington 149 Low 266 June 11 June 13 September 18 
Princeton 
2018 
209 Med 168 May 14 May 24 September 12 
Murray 175 Low 217 June 12 June 20 October 19 
Lexington 113 Low 344 June 18 June 19 September 21 
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Table 2. Analysis of variance for yield in dark air-cured (DAC) and dark fire-cured (DFC) trials at Princeton and Murray from 2016 to 
2018, and burley (BUR) at Lexington from 2017 to 2018. Variety variable was not included in 2016. Significance at an alpha of 0.10 






Princeton Murray Lexington Princeton Murray Lexington 
2016 2017 2018 
DAC DFC DAC DFC DAC DFC BUR DAC DFC DAC DFC BUR 
K Source 
(KS) 
1 0.8760 0.957 0.3614 0.8762 0.8495 0.5991 0.1232 0.7491 0.2535 0.965 0.7209 0.0740 
K Rate 
(KR) 
2 0.5944 0.1641 0.9638 0.5722 0.1709 0.8318 0.1547 0.6074 0.2631 0.251 0.2618 0.7328 
KS*KR 2 0.3225 0.9793 0.2949 0.5686 0.3172 0.4006 0.0846 0.1865 0.6794 0.6735 0.3797 0.1064 
Error 1 14 
Variety 
(V) 
1 - - 0.0557 0.1201 0.0812 0.6738 0.0326 <.0001 <.0001 0.0001 0.0307 0.4081 
KS*V 1 - - 0.7196 0.1809 0.5066 0.8219 0.6742 0.7404 0.1522 0.5706 0.6115 0.1430 
KR*V 2 - - 0.2812 0.0715 0.3618 0.8821 0.542 0.1624 0.8841 0.2654 0.0297 0.3346 
KS*KR*V 2 - - 0.6909 0.7581 0.7144 0.3543 0.6397 0.552 0.7137 0.3609 0.5273 0.4439 
Error 2 20 
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Table 3. Effect of variety for yield (kg ha-1) in the 2017 dark air-cured (DAC) and burley (BUR) trials at Princeton, Murray and 
Lexington and for the 2018 DAC, dark fire-cured (DFC), at Princeton and Murray.  
Variety Princeton Murray Lexington Princeton Murray 
2017 2018 
DAC DAC BUR DAC DFC DAC DFC 
LCa 2265 2268 2748 3566 4088 3410 3477 
HC 2167 2169 2639 3040 3631 2996 3331 
P-value 0.0557 0.0812 0.0326 <.0001 <.0001 0.0001 0.0307 






Table 4. Interaction between rate and variety for yield (kg ha-1) in the 2017 dark fire-cured trial at Princeton (p=0.0715).  
Rate (kg K ha-1) Variety  
 KTD14LC NLMadoleHCa P-value 
93 2789  2554 b 0.0431 
186 2678  2801 a 0.268 
279 2742  2556 b 0.1019 
P-value 0.6223 0.0685  
Untreated Control  2300b 2298b  
a Means comparing potassium rates within variety followed by the same letter are not significantly different. Significance at an alpha 
of 0.10. 
b Untreated control yield of KTD14LC and NLMadoleHC was significantly lower than all potassium treatments. Significance at an 









Table 5. Effect of potassium treatment on yield in the 2017 dark air-cured trial at Murray. 
Treatment  Yield (kg ha-1) 
All Potassium Treatmentsa 2219  
Untreated Control  1736  
P-value  0.0050 







Table 6. Interaction between rate and variety for yield (kg ha-1) in the 2018 dark fire-cured trial at Murray (p=0.0297).  
Rate (kg K ha-1) Variety  
 KTD14LC NLMadoleHCa P-value 
93 3419  3535 a 0.3098 
186 3424  3180 b 0.0414 
279 3588  3279 b 0.0156 
P-value 0.3944 0.0390  














Table 7. Interaction between source and rate for yield (kg ha-1) in the 2017 burley trial (p=0.0794). 
Rate (kg K ha-1) Source  
 K2SO4 KCla P-value 
93 2468  2185 b 0.0169 
186 2479  2462 a 0.8730 
279 2407  2430 a 0.8264 
P-Value 0.7657 0.0367  
Untreated Control 2060b  
a Means comparing potassium rates within potassium source followed by the same letter are not significantly different. Significance at 
an alpha of 0.10. 
b Untreated control yielded significantly lower than all K2SO4 potassium treatments and the 186 and 279 kg K ha-1 of KCl. 









Table 8. Effect of source for yield in the 2018 burley trial. 





a Means are averaged over variety. 
b Untreated control yielded significantly lower than K2SO4 and KCl treatments. Significance at an alpha of 0.10. 
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Table 9. Analysis of variance for moisture in dark air-cured (DAC) and dark fire-cured (DFC) trials at Princeton and Murray from 2016 to 2018, 






Princeton Murray Lexington Princeton Murray Lexington 
2016 2017 2018 
DAC DFC DAC DFC DAC DFC BUR DAC DFC DAC DFC BUR 
K Source 
(KS) 1 0.013 0.7076 0.3723 0.6014 0.9925 0.4133 0.6951 0.6992 0.7372 0.6495 0.9341 0.0847 
K Rate 
(KR) 2 0.2061 0.5806 0.1597 0.0396 0.7294 0.0536 0.5783 0.5194 0.4202 0.3565 0.9102 0.4641 
KS*KR 2 0.6446 0.9233 0.19 0.2714 0.5698 0.9911 0.4549 0.1302 0.8895 0.5897 0.6867 0.5419 
Error 1 14 
Variety (V) 1 - - <.0001 <.0001 0.0309 0.9462 0.2581 <.0001 <.0001 <.0001 <.0001 0.1606 
KS*V 1 - - 0.0353 0.5679 0.6423 0.5508 0.2356 0.9711 0.9578 0.0203 0.3362 0.3294 
KR*V 2 - - 0.8703 0.4167 0.9032 0.9394 0.0075 0.6726 0.6333 0.0367 0.1709 0.4252 
KS*KR*V 2 - - 0.6845 0.1321 0.3836 0.3866 0.0069 0.5741 0.4957 0.7822 0.1067 0.3685 
Error 2 20 
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Table 10. Moisture (%) as influenced by fertilizer source in the 2016 dark air-cured (DAC) trial and the 2018 burley (BUR) trial. 
Source Princeton Lexington 
 2016 2018 
 DAC BUR 
K2SO4 10.44 6.28 
KCl 12.29 6.48 















Table 11. Moisture (%) as influenced by tobacco variety in the 2017 dark air-cured (DAC), dark fire-cured (DFC) at Princeton, the 
DAC trial at Murray and in the 2018 DAC and DFC trials at Princeton and Murray.  
Variety Princeton Murray Princeton Murray 
 2017 2018 
 DAC DFC DAC DAC DFC DAC DFC 
KTD14LC 6.67 6.04 6.37 5.78 6.23 5.95 6.00 
NLMadoleHC 6.34 5.69 6.08 5.35 5.85 5.53 5.60 






Table 12. Fertilizer rate for moisture (%) in the 2017 dark fire-cured (DFC) trials at Princeton and Murray. 
Rate (kg K ha-1) Princeton Murray 
 DFCa DFC 
93 6.07 a 5.97 a 
186 5.81 b 5.78 ab 
279 5.71 b 5.60 b 
P-value 0.0396 0.0536 

















K2SO4 6.68 6.25 <.0001 
KCl 6.65 6.43 0.0018 
P-value 0.7473 0.0701 
Untreated Control 7.09a 6.54a 
a Untreated control moisture of KTD14LC and NLMadoleHC was significantly higher than percent moisture in either variety 




Table 14. Effect of potassium treatment on moisture (%) in the 2017 dark fire-cured trial at Princeton. 
Treatment Moisture (%) 
All Potassium Treatmentsa 5.89  
Untreated Control 5.96  
P-value 0.0971 
















Table 15. Effect of potassium treatment on moisture (%) in the 2017 dark fire-cured trial at Murray. 
Treatment Moisture (%) 
All Potassium Treatmentsa 5.78  
Untreated Control 6.15  
P-value 0.0505 





Table 16. Interaction of potassium source and variety for moisture (%) in the 2018 Murray dark air-cured trial (p=0.0203). 
Source KTD14LC NLMadoleHC P-value 
K2SO4 6.04 5.50 <.0001 
KCl 5.87 5.58 0.0005 




Table 17. Interaction of potassium rate and variety for moisture (%) in the 2018 Murray dark air-cured trial (p=0.0367). 
Rate (kg K ha-1) KTD14LC NLMadoleHC P-value 
93 6.10 5.52 <.0001 
186 5.87 5.43 <.0001 
279 5.89 5.65 0.0107 
P-value 0.1613 0.2605 
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Table 18. Interaction of source, rate, and variety for moisture (%) in the 2017 burley trials (p=0.0069).  
 TN90LC  
Rate (kg K ha-1) K2SO4a KCl P-value 
93 6.03 b 6.21 0.4284 
186 6.58 a 6.63 0.8265 
279 6.53 a 6.36 0.4601 
P-value 0.0478 0.1958  
 TN90HC  
93 6.77 a 6.04 0.0209 
186 6.16 b 6.33 0.5342 
279 6.17 b 6.35 0.5286 
P-value 0.0774 0.4748  
a Means comparing potassium rates within K2SO4 treatments followed by the same letter are not significantly different. Significance at 







Table 19. Analysis of variance for chloride in cured leaf (%) in dark air-cured (DAC) and dark fire-cured (DFC) trials at Princeton and Murray in 
2016 and 2018 and in the burley (BUR) trial at Lexington in 2018. Variety variable was not included in 2016. Significance at an alpha of 0.10 shown 
in bold. Chloride levels were not analyzed in 2017. 
                  
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    
    








Princeton Princeton Murray Lexington 
  2016 2018 
  DAC DFC DAC DFC DAC DFC BUR 
K Source 
(KS) 
1 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 
K Rate 
(KR) 
2 0.1591 0.0400 <.0001 <.0001 0.4323 0.0009 0.2776 
KS*KR 2 0.1371 0.0252 <.0001 <.0001 0.2947 0.001 0.2440 
Error 1 14        
Variety (V) 1 - - 0.0172 0.0012 0.4570 0.0047 0.1840 
KS*V 1 - - 0.0483 0.0125 0.7941 0.1748 0.2163 
KR*V 2 - - 0.2096 0.7238 0.9871 0.4317 0.3816 
KS*KR*V 2 - - 0.1514 0.6847 0.9481 0.1304 0.3741 
Error 2 20        
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Table 20. Effect of source for chloride in cured leaf (%) in the 2016 and 2018 dark air-cured (DAC), dark fire-cured (DFC) trials at 
Princeton and Murray, and in the 2018 burley (BUR) trial in Lexington.  Source 
Princeton Murray Lexington 
2016 2018 
DAC DFC DAC DFC DAC DFC BUR 
K2SO4 0.40 0.55 0.12 0.42 0.75 0.62 0.13 
KCl 3.46 3.20 1.30 3.57 2.58 2.52 2.32 
P-value <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 
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Table 21. Effect of potassium rate for chloride content in cured leaf (%) in the 2016 dark fire-cured (DFC) trial at Princeton and the 
dark air-cured (DAC) and in the 2018 DFC trials at Princeton and Murray. Means are averaged over potassium sources. 
Rate (kg K ha-1) Princeton Murray 
2016a 2018 
DFC DAC DFC DFC 
93 1.10 b 0.45 c 1.32 c 1.21 c 
186 1.33 a 0.73 b 1.99 b 1.55 b 
279 2.20 a 0.96 a 2.66 a 1.95 a 
P-value 0.0400 <.0001 <.0001 0.0009 
Untreated Control 0.40b 0.11b 0.37b 0.60b
a Means comparing potassium rates within trials followed by the same letter are not significantly different. Significance at an alpha of 
0.10. 
b Untreated control chloride levels were similar to all K2SO4 treatments and significantly lower than all KCl treatments. 
48 
Table 22. Interaction of source and rate for chloride content in the cured leaf (%) in the 2016 Princeton dark fire-cured (DFC) trial 
(p=0.0252).  
Rate (kg K ha-1) Source 
K2SO4 KCla P-value 
93 0.62 1.58 b 0.1720 
186 0.51 4.15 a <.0001 
279 0.52 3.87 a 0.0002 
P-value 0.9847 0.0030 
a Means comparing potassium rates within KCl treatments followed by the same letter are not significantly different. Significance at an 
alpha of 0.10. 
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Table 23. Interaction of source and rate for chloride content in the cured leaf (%) in the 2018 Princeton dark air-cured trial (p≤.0001). 
Rate (kg K ha-1) K2SO4 KCla P-value 
93 0.12 0.78 c <.0001 
186 0.12 1.34 b <.0001 
279 0.13 1.80 a <.0001 
P-value 0.9865 <.0001 
a Means comparing potassium rates within KCl treatments followed by the same letter are not significantly different. Significance at an 
alpha of 0.10. 
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Table 24. Interaction of source and rate for chloride content in the cured leaf (%) in the cured leaf in the 2018 Princeton dark fire-
cured trial (p≤.0001). 
Rate (kg K ha-1) K2SO4 KCla P-value 
93 0.42 2.23 c <.0001 
186 0.37 3.61 b <.0001 
279 0.46 4.87 a <.0001 
P-value 0.8170 <.0001 
a Means comparing potassium rates within KCl followed by the same letter are not significantly different. Significance at an alpha of 
0.10. 
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Table 25. Interaction of source and rate for chloride content in the cured leaf (%) in the 2018 Murray dark fire-cured trial (p=.0001). 
Rate (kg K ha-1) K2SO4 KCla P-value 
93 0.62 1.80 c <.0001 
186 0.61 2.49 b <.0001 
279 0.63 3.26 a <.0001 
P-value 0.9927 <.0001 
a Means comparing potassium rates within KCl treatments followed by the same letter are not significantly different. Significance at 
an alpha of 0.10. 
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Table 26. Effect of variety for chloride content in the cured leaf (%) for the 2018 Princeton dark air-cured (DAC) and dark fire-cured 
(DFC) trials and the Murray DFC trial.  
Variety Princeton Murray 
DAC DFC DFC 
KTD14LC 0.75 2.15 1.64 
NLMadoleHC 0.67 1.83 1.50 
P-value 0.0172 0.0012 0.0047 
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Table 27. Interaction of variety and source for the chloride content in the cured leaf (%) in the 2018 Princeton dark air-cured trial 
(p=0.0483). 
Source KTD14LC NLMadoleHC P-value 
K2SO4 0.13 0.12 0.7244 
KCl 1.38 1.23 0.0036 
P-value <.0001 <.0001  
Untreated Control 0.12a 0.10a  





Table 28. Interaction of variety and source for the chloride content in the cured leaf (%) in the 2018 Princeton dark fire-cured trial 
(p=0.0125). 
Source KTD14LC NLMadoleHC P-value 
K2SO4 0.46 0.37 0.4511 
KCl 3.84 3.30 0.0002 
P-value <.0001 <.0001  
Untreated Control 0.39a 0.36a  














Table 29. Comparison of potassium sources to untreated tobacco for chloride content in the 2018 Murray dark air-cured (DAC), dark 
fire-cured (DFC) trials and Lexington burley (BUR) trial.  
Treatment Chloride (%) 
 DACa DFCa BURa 
K2SO4 0.75 0.62 0.13 
KCl 2.58 2.50 2.32 
Untreated Control 0.66  0.60 0.13 
 a  Untreated control chloride levels are similar to K2SO4 treatments and significantly lower than all KCl treatments. Significance at an 




Table 30. Analysis of variance for grade index in dark air-cured (DAC) and dark fire-cured (DFC) at Princeton and Murray from 2016 























Princeton Murray Princeton Murray 
   2016 2017 2018 
  DAC DFC DAC DFC DAC DFC DAC DFC DAC DFC 
K Source 
(KS) 
1 0.4688 0.5638 0.1438 0.0120 0.0569 0.0001 0.5573 0.4593 0.7046 0.9591 
K Rate 
(KR) 
2 0.951 0.0650 0.3894 0.0290 0.4199 0.405 0.4771 0.7517 0.2298 0.8831 
KS*KR 2 0.9073 0.1271 0.5275 0.5391 0.8394 0.0836 0.3335 0.1195 0.7916 0.4692 
Error 1 14           
Variety 
(V) 
1 - - 0.0884 0.0084 0.0003 0.0002 0.0005 0.5979 0.0006 0.0818 
KS*V 1 - - 0.8069 0.904 0.1742 0.1799 0.6184 0.9470 0.6144 0.4422 
KR*V 2 - - 0.2619 0.2928 0.5043 0.691 0.6008 0.7056 0.5889 0.0606 
KS*KR*V 2 - - 0.9803 0.0563 0.5578 0.0103 0.0438 0.6351 0.2842 0.8481 
Error 2 20           
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Table 31. Effect of source for grade indexa in the 2017 dark fire-cured (DFC) trial at Princeton and dark air-cured (DAC) trial and 
DFC trial at Murray. 
Source Princeton Murray 
 DFC DAC DFC 
K2SO4 70 25 66 
KCl 72 30 73 
P-value 0.0120 0.0569 0.0001 
a Grade index is a weighted average of grade indices received for each stalk position. Stalk positions that contribute more to total yield 














Table 32. Effect of rate for grade indexa in the 2016 and 2017 dark fire-cured trial at Princeton. 
Rate (kg K ha-1) Princeton 
 2016b 2017 
 DFC DFC 
93 68 a 69 b 
186 60 ab 72 a 
279 50 b 73 a 
P-value 0.0650 0.0290 
a Grade index is a weighted average of grade indices received for each stalk position. Stalk positions that contribute more to total yield 
also contribute more to total quality grade index. 
b Means comparing potassium rates within trials followed by the same letter are not significantly different. 
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Table 33. Effect of variety for grade indexa in the 2017 dark air-cured (DAC) and dark fire-cured (DFC) trials at Princeton and 
Murray, and the 2018 DAC trial at Princeton, and DAC and DFC trials at Murray. 
Variety Princeton Murray Princeton Murray 
 DAC DFC DAC DFC DAC DAC DFC 
 2017 2018 
KTD14LC 49 72 21 72 35 20 71 
NLMadoleHC 46 70 33 66 45 32 68 
P-value 0.0884 0.0084 0.0003 0.0002 0.0005 0.0006 0.0818 
a Grade index is a weighted average of grade indices received for each stalk position. Stalk positions that contribute more to total yield 




















a Grade index is a weighted average of grade indices received for each stalk position. Stalk positions that contribute more to total yield 
also contribute more to total quality grade index. 
 
  
Rate (kg K ha-1) K2SO4 KCl P-value 
93 63 b 73 0.0011 
186 64 ab 73 0.0014 
279 69 a 72 0.3292 
P-value 0.0532 0.7367  
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a Grade index is a weighted average of grade indices received for each stalk position. Stalk positions that contribute more to total yield 











Rate (kg K ha-1) KTD14LC NLMadoleHC P-value 
93 69 69 0.9520 
186 75 66 0.0054 
279 70 70 0.9505 
P-value 0.1769 0.4242  
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Table 36.  Interaction of source, rate, and variety for grade indexa in the 2017 Princeton dark fire-cured trial (0.0563). 
Rate (kg K ha-1) KTD14LC  
 K2SO4b KCl P-value 
93 70 ab 70 b 0.9464 
186 68 b 76 a 0.0028 
279 74 a 75 a 0.8081 
P-value 0.0271 0.0274  
Rate (kg K ha-1) NLMadoleHC  
 K2SO4 KCl P-value 
93 66 70 0.1070 
186 70 71 0.8002 
279 68 72 0.2520 
P-value 0.2701 0.8967  
a Grade index is a weighted average of grade indices received for each stalk position. Stalk positions that contribute more to total yield 
also contribute more to total quality grade index. 
b Means comparing potassium rates within potassium source followed by the same letter are not significantly different. Significance at 







Table 37. Interaction of source, rate, and variety for grade indexa in the 2017 Murray dark fire-cured trial (p=0.0103). 
Rate (kg K ha-1) KTD14LC  
 K2SO4 KCl P-value 
93 68 76 0.0126 
186 70 72 0.4908 
279 70 77 0.0236 
P-value 0.7115 0.1990  
Rate (kg K ha-1) NLMadoleHC  
 K2SO4b KCl P-value 
93 58 ab 70 0.0074 
186 58 b 75 0.0005 
279 68 a 67 0.6688 
P-value 0.0282 0.1325  
a Grade index is a weighted average of grade indices received for each stalk position. Stalk positions that contribute more to total yield 
also contribute more to total quality grade index. 




Table 38. Analysis of variance for tobacco specific nitrosamines for the variety KTD14LC in the 2016 to 2018 dark air-cured (DAC) 
and dark fire-cured (DFC) trials at Princeton and Murray, and for the TN90LC variety in the burley (BUR) trials in Lexington in 2017 








Princeton Murray Lexington Princeton Murray Lexington 
  2016 2017 2018 
  DAC DFC DAC DFC DAC DFC BUR DAC DFC DAC DFC BUR 
K Source 
(KS) 
1 0.9149 0.0966 <.0001 0.0041 0.0018 0.7594 0.0024 0.0286 0.0074 0.1372 0.0015 0.0409 
K Rate 
(KR) 
2 0.3299 0.807 0.9228 0.5933 0.291 0.5936 0.1835 0.7445 0.1547 0.7035 0.6565 0.0867 
KS*KR 2 0.1611 0.5023 0.0109 0.0450 0.156 0.6215 0.4467 0.4669 0.2918 0.1067 0.0468 0.6748 
Error 1 14             
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Table 39. Effect of source for tobacco specific nitrosamines (ng g-1) for variety KTD14LC for the 2016 dark fire-cured (DFC) trial, the 
2017 Princeton dark air-cured (DAC), DFC trial, Murray DAC trial, and the burley (BUR) trial. There was also an effect of source for 
the 2018 DAC, DFC trial at Princeton, DFC trial at Murray and the BUR trial in Lexington.  
Source Princeton Murray Lexington Princeton Murray Lexington 
 2016 2017 2018 
 DFC DAC DFC DAC BUR DAC DFC DFC BUR 
K2SO4 2405 440 5832 456 929 988 6237 2611 6560 
KCl 1836 227 3762 320 617 813 2861 2002 2626 














Table 40. Effect of rate for tobacco specific nitrosamines (TSNA) for variety KTD14LC, in the 2018 burley trial in Lexington.  
Rate (kg K ha-1) TSNA (ng g-1)a 
93 7135 a 
186 4296 ab 
279 2348 b 
P-value 0.0867 
Untreated Control 8811b 
a Means comparing potassium rates followed by the same letter are not significantly different. 
b Tobacco specific nitrosamines in untreated tobacco was significantly higher than tobacco treated with 186 kg K ha-1 of K2SO4 and all 
KCl rates. Significance at an alpha of 0.10. 
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Table 41. Interaction of source and rate for tobacco specific nitrosamines (ng g-1) for variety KTD14LC, in the 2017 dark air-cured 
trial at Princeton (p=0.0109). 
Rate (kg K ha-1) K2SO4a KCl P-value 
93 370 b 243 0.04808 
186 390 b 251 0.0255 
279 561 a 186 <.0001 
P-value 0.0072 0.4633 
Untreated Control 340b
a Means comparing potassium rates within potassium source followed by the same letter are not significantly different. 
b TSNA in untreated tobacco was significantly higher than in tobacco treated with any rate of KCl. Significance at an alpha of 0.10. 
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Table 42. Interaction of source and rate for tobacco specific nitrosamines (ng g-1) for variety KTD14LC, in the 2017 dark fire-cured 
trial at Princeton (0.0450). 
Rate (kg K ha-1) K2SO4a KCl P-value 
93 4712 b 4987 0.8510 
186 7926 a 2837 0.0030 
279 4857 b 3462 0.3486 
P-value 0.0710 0.3350  
Untreated Control  6092b  
a Means comparing potassium rates within potassium source followed by the same letter are not significantly different. 
b Tobacco specific nitrosamines in untreated tobacco was significantly lower than tobacco treated with 186 kg K ha-1 of K2SO4 and 












Table 43. Interaction of source and rate for tobacco specific nitrosamines (ng g-1) for variety KTD14LC in, the 2018 dark fire-cured 
trial at Murray (p=0.0468). 
Rate (kg K ha-1) K2SO4 KCl P-value 
93 2898 1934 0.0023 
186 2304 2246 0.8279 
279 2629 1824 0.0122 
P-value 0.1072 0.3035  
Untreated Control 2836a  













Table 44. Contrast comparison of Tobacco Specific Nitrosamines from untreated control to potassium sourcesab, for low converter 
varieties KTD14LC and TN90LC. 
 
 
a K2SO4 and KCl averaged over all rates.  
b Abbreviations: Untreated control (UTC), dark air-cured (DAC), dark fire-cured (DFC), and burley (BUR). 
c Asterisks (*) indicate that untreated tobacco that received no potassium had lower tobacco specific nitrosamines (TSNA) than 
tobacco treated with K2SO4. Significance at p<0.10, ns denotes no significance.  
d Asterisks (*) indicate that untreated tobacco that received no potassium had higher TSNA than tobacco treated with KCl. 
Significance at p<0.10, ns denotes no significance. 
 
 
 Princeton Murray Lexington 
 2016 2017 2018 2017 2018 2017 2018 




ns ns ns ns ns ns ns ns 
* * 
UTC vs. KCld ns ns * * ns ns * ns ns * ns * 
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Table 45. Analysis of variance for tobacco specific nitrosamine for the NLMadoleHC variety in the 2017 and 2018 in the dark air-cured (DAC) 
and dark fire-cured (DFC) trials at Princeton and Murray, and the TN90HC in the burley (BUR) trials in 2017 and 2018. Significance at an alpha 













Princeton Murray Lexington Princeton Murray Lexington 
  2017 2018 
  DAC DFC DAC DFC BUR DAC DFC DAC DFC BUR 
K Source 
(KS) 
1 0.0002 0.0001 0.111 0.0101 0.0219 0.0016 0.2146 0.1971 0.2975 0.3546 
K Rate 
(KR) 
2 0.7514 0.1981 0.4177 0.7583 0.2647 0.5776 0.6408 0.1989 0.5989 0.8311 
KS*KR 2 0.117 0.3402 0.1006 0.885 0.9388 0.1138 0.2571 0.9304 0.3842 0.3956 




Table 46. Effect of source for tobacco specific nitrosamines for the NLMadoleHC variety in the 2017 Princeton dark air-cured (DAC), 
dark fire-cured (DFC) trials, the 2017 Murray DFC trial, and Lexington burley (BUR) trial, and the 2018 Princeton DAC trial. 
Source Princeton Murray Lexington Princeton 
 2017 2018 
 DAC DFC DFC BUR DAC 
K2OS4 2245 31158 34425 3596 5907 
KCl 1326 22177 21638 2448 4367 
















Table 47. Contrast comparison of untreated control to potassium sourcesab, for high converter variety NLMadoleHC and TN90HC. 
a K2SO4 and KCl averaged over all rates.  
b Abbreviations: Untreated control (UTC), dark air-cured (DAC), dark fire-cured (DFC), and burley (BUR). 
c Asterisks (*) indicate that untreated tobacco that received no potassium had lower tobacco specific nitrosamines (TSNA) than 
tobacco treated with K2SO4. Significance at p<0.10, ns denotes no significance.  
d Asterisks (*) indicate that untreated tobacco that received no potassium had higher TSNA than tobacco treated with KCl. 
Significance at p<0.10, ns denotes no significance 
 Princeton Murray Lexington 
 2017 2018 2017 2018 2017 2018 
Contrast DAC DFC DAC DFC DAC DFC DAC DFC BUR BUR 
UTC vs. 
K2SO4c 
* ns * ns * ns * ns * ns 
UTC vs. KCld ns * ns ns ns * ns ns ns * 
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CHAPTER 2. POTASSIUM BARE GROUND STUDY 
2.1 Introduction 
 Soil tests are considered to be the most accurate way to obtain reliable estimates 
of the amount of plant available soil nutrients in a field. For tobacco production, soil 
samples should be taken at least every other year to stay within Good Agricultural 
Practices (GAP) program requirements (GAP Connections, 2019). Fields should be 
sampled 6 to 12 months ahead of transplanting to allow sufficient time for lime and 
fertilizer applications to be made. Annual soil sampling is advised due to the high 
nutrient demand and value associated with tobacco production (Ritchey et al., 2017). Soil 
types vary across regions where tobacco and other field crops are grown. According to 
Murdock and Call (2006), a spring soil sample gives a more accurate description of what 
nutrients will be available for the crop that year. The authors go on to state that fall soil 
sampling is recommended in case lime is needed, to allow more time for lime to react 
before spring planting.  
Seasonal weather fluctuations can influence the results of a soil test (Murdock, 
1982). Dry soils in the summer and fall can move soluble dissolved salts from deeper in 
the soil profile to the soil surface and influence soil test results. For samples collected 
during the dry periods like summer or fall, water moving up through the soil to the 
surface can bring dissolved salts from deeper in the soil profile. This can impact the 
results that growers receive on their soil test. The more mobile these elements are, the 
more potential there is for those elements to move to the surface. Soil sampling at the 
same time each year will decrease this seasonal fluctuation effect and allow growers to 
establish a consistent history of soil test results for each field (Murdock, 1982).  
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Potassium is considered a stable nutrient within the soil, so fertilizer additions 
need to be determined by a soil test. Soil tests will give growers an accurate 
recommendation on the amount of fertilizer that needs to be applied to a certain soil type 
and for the crop to reach the maximum growth potential and help reduce fertilizer costs. 
Past soil test summaries have concluded that some tobacco fields may only need N 
applied due to high levels of residual K and P (Ritchey et al., 2017). Within most soils, 
there are large amounts of total K but small amounts of plant-available K (Lean and 
Watson, 1985).  
Potassium is one of a few nutrients that is affected by seasonal fluctuations. 
Potassium has very large seasonal fluctuations that are seen almost every year. When 
crops grow and mature, this lowers the amount of soil-available K (Murdock and Call, 
2006). In tobacco production, burley and dark tobacco remove 2.82 and 2.28 kg K per 
100 kg of cured leaf, respectively (Ritchey and McGrath, 2018). Crops like tobacco 
where the entire plant is harvested remove more K than a crop such as corn grown for 
grain production. In a grain crop such as corn or wheat, the majority of the K is taken up 
is within the vegetative tissue and only 25-30% of the K is within the grain. Once these 
crops are harvested, the residue is left in the field and the K is then leached from the 
residue (Murdock and Call, 2006).  
Muriate of potash (0-0-60, KCl) applied on the spring prior to tobacco at more 
than 56 kg Cl ha-1 can lead to high levels of chloride in cured tobacco leaves. These high 
chloride levels can then lead to reduced cured leaf quality and decreased combustibility 
of the leaf. Tobacco companies sometimes limit the amount of KCl that farmers can 
apply to their tobacco ground. In addition, the Kentucky Fertilizer Law limits the amount 
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of Cl that can be applied to tobacco fields after January 1 of the current crop year. 
Therefore, sulfate of potash (0-0-50, K2SO4) should be the main source of potassium 
applied to tobacco ground in spring applications in the current crop year. More farmers 
are applying KCl in the fall of the year due to this fertilizer law, but also because K2SO4 
is 2.5 times more expensive than KCl (Ritchey et al., 2017).   
Some farmers soil sample in the fall of the year and apply KCl at the 
recommended amount. If they soil sample again the following spring, the soil test may 
still recommend that more potassium be applied. For this reason, field experiments were 
established to monitor how soil K levels change over time following fall K applications 
in a bare ground study with no crop. 
 
2.2 Materials and Methods 
 In November of 2016, soil samples were taken to determine site locations for a 
potassium bare ground study. Sites were established to evaluate long-term changes in soil 
potassium levels following potassium application. Mehlich III was used for soil test 
extractant. In December 2016, three field sites were identified and established on three 
contrasting soil types where initial potassium levels were found to be low (<224 kg ha-1 
soil test K).  
Two of the sites were located at the University of Kentucky Research and 
Education Center in Princeton, KY, and a third site was located at the West Farm of 
Murray State University in Murray, KY. The two Princeton locations were previously in 
corn or fescue, and the Murray site was previously in bermudagrass (Table48).  
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Soil types for Princeton were Crider silt loam (fine-silty, mixed, active Typic 
Paleudalfs) at the site previously in corn, and Zanesville (fine-silty, mixed, active, mesic 
Oxyaquic Fragiudalfs) at the site previously in fescue. Soil type at the Murray location 
previously in bermudagrass was Grenada silt loam (fine-silty, mixed, active, thermic 
Oxyaquic Fraglossudalfs).  
Trials at each site were arranged in a randomized complete block design with four 
replications. Plots at all locations were 1.5 m in width and 1.5 m in length. There was a 
1.5 m by 1.5 m border area around each plot and replication to ensure that there were no 
overlaps in potassium application between plots. These plots were kept bare throughout 
the two years of the study, with frequent applications of glyphosate to kill any emerging 
vegetation.  
Potassium sources used at both locations was potassium sulfate (0-0-50, K2SO4) 
or potassium chloride (0-0-60, KCl). Potassium sulfate was applied at the rate 
recommended by the initial composite soil test taken in November 2016 at each site. 
Potassium chloride was also applied according to the November 2016 soil test 
recommendations as well as at two times the recommended application rate (Table 49). 
An untreated control that received no potassium was also included.  
Potassium treatments were broadcast applied by hand on a plot-by-plot basis 
(Table 48). Soil samples were taken on a plot-by-plot basis just prior to potassium 
treatment applications and then every three months following potassium application for 
two years (Table 49). All samples consisted of five 15 cm deep soil cores that were taken 
and homogenized from each plot. Pretreatment soil samples and potassium application 
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dates for both Princeton locations was December 5, 2016, and December 6, 2016 at the 
Murray location.  
At the last plot sampling taken in December 2018 at the conclusion of the two-
year monitoring period, sampling consisted of two soil samples per plot, one at 0 to 7.5 
cm deep and then another sample at 7.5 to 15 cm deep.  
Data were analyzed using Statistical Analysis Software (SAS) version 9.4. The 
experiment was a randomized complete block design (RCBD). The RCBD was chosen to 
determine the main effects of potassium source and potassium rate on potassium soil 
levels over a one year and 10 month time period. PROC GLIMMIX was used to conduct 
an ANOVA for a repeated measure analysis. An alpha of <0.10 was used to indicate 
statistical significance and means were separated by using least square means. The model 
consisted of soil type, potassium source and soil sampling time. If there was an 
interaction, the data was sliced; i.e., fix a value of one factor, and then examine the 
differences as the other factor changes. Data for the two year sampling date was analyzed 
separately from the other sampling dates due to being split between two sample depths. 
PROC GLIMMIX was used as the statistical model to determine an ANOVA and means 
were separated using least square means, at an alpha of <0.10.  
 
2.2.1 Particle Size Analysis 
 In addition to monitoring potassium levels over time on these three soil types, 
soil physical properties of each soil type was also investigated. For each site, a composite 
30.5 cm soil sample was collected and used for particle size analysis and clay mineralogy 
analysis. Procedure for the particle size analysis is as follows:  
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35.7 g Na(PO4)6 (sodium hexametaphosphate) + 7.94 g NaCO3 in 1000 mL 
deionized water was used as the dispersing agent for each sample. To obtain oven dry 
weight of air-dried soil, 3-6 g of air-dried soil were dried overnight at 105° C. 10 mL of 
dispersing agent were added to 10 g of soil and distilled water and shaken overnight. Soil 
suspension was then poured through a 325-mesh sieve into a 1000 mL cylinder. When 
sand in the sieve was free of all silt and clay, samples were dried in the oven at 100° C. 
Cylinders were then filled with distilled water to 1000 mL and stirred with a stoppered 
stirring rod at 5-minute intervals and allowed to sit for five hours. Clean, dry 100 mL 
Teflon beakers were tared and used for clay measurement. Sand fractions of samples 
were separated into very coarse, coarse, medium, fine, and very fine size classes on a 
shaker and weights of each sand fraction were recorded. A water aspirator was used to fill 
pipettes, and clays were pipetted into Teflon beakers. The pipette was rinsed with 25 mL 
of deionized water and added to the clay beaker. There was a blank in addition to the clay 
samples. Clays were dried overnight at 100° C, and weighed.  
2.2.2 Soil Fractionation and Clay Preparation for Mineralogical Analyses 
2.2.2.1 Clay Fractionation 
 15 g of ground soil (2 mm sieve) was weighed into a 250 mL plastic centrifuge 
bottle and then suspended with Na2CO3, pH 9.5 solution, then placed in an ultrasonic 
bath for 2.5 minutes to break up the soil particles. Samples were then centrifuged at 750 
rpm for 3.5 minutes to settle out the sand and silt. Clay suspensions were then decanted 
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carefully into 1000 mL Berzelius beaker. This process was repeated 2-3 more times for a 
total volume of approximately 1000 mL of clay suspension. 25 g of NaCl was added to 
the clay suspension to flocculate the clay overnight. Clear supernatant was removed with 
a siphon the next day and thoroughly mixed and transferred to a plastic storage bottle.   
 
2.2.2.2 Clay Slide Preperation 
150 mg subsamples of clay were poured into two small bottles with 5-10 mL of 
either 1 N MgCl2 or 1 N KCl and mixed well to saturate the clay. Clay subsamples were 
run through a Millipore filtration apparatus with cellulose membrane filters (0.45 µm) 
seated with either MgCl2 or KCl. After filtering all excess solution, clay was carefully 
transferred to slides and stored in a dessicator with saturated MgNO3 dessicant (52% 
relative humidity) until X-ray diffraction analysis.  
2.2.2.3    X ray Diffraction (XRD) 
X-ray diffractograms were run on a PANalytical X’Pert Pro diffractometer. Clay 
XRD patterns were run from 2-40° 2Θ using a step size of 0.070, time per step of 4.00, 
and scan speed of 0.0175. Mg slides were run first, then the Mg slides were treated with 
glycerol and stored for at least four hours in a dessicator with glycerol before a second 
run. KCl slides were run at ambient temperature (25°), then heated for four hours to 
100°C, 300°C and 550°C with XRD patterns run after each heat treatment. The 100°C 
slides remained in the oven until ready for XRD to avoid absorption of moisture. The 
300° C and 550° C treatments were run four hours each in a muffle furnace. The 300° C 
slides were kept in a 100° C oven until XRD. The 550° C slides were stored at room 
temperature.  
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2.3 Results and Discussion 
(Delete this paragraph if you don’t need it). 
2.3.1 Temperature and Precipitation 
During the two-year experiment, temperatures closely followed the 30-year 
average temperatures in 2017 and 2018 for Caldwell and Calloway County, KY (Figure 
1, Figure 2).  However, precipitation varied from average during certain months in 2017 
and 2018 in both Caldwell and Calloway County.  Precipitation was below the 30-year 
average in Caldwell County for most months in 2017 with the exception of June and 
October where rainfall was above average (Figure 3).  Precipitation was below the 30-
year average in Calloway County for most months in 2017, except for June, August and 
October where rainfall was above average (Figure 4).  
Precipitation in 2018 was near average for most months, but was nearly double 
the average precipitation in February, June, and September for Caldwell County (Figure 
3). Precipitation in 2018 for Calloway County varied from the 30-year average (Figure 
4). In February, April, June, September, November and December, there was above 
average rainfall and in July, there was below average rainfall compared to the 30-year 
average 
(Figure 4). Cumulative annual precipitation in Caldwell County was 110 cm in 2017 and 
151 cm in 2018, compared to the 30-year average annual precipitation of 128 cm. 
Cumulative annual precipitation in Calloway County was 135 cm in 2017 and 155 cm in 
2018, compared to the 30-year average annual precipitation of 128 cm.  
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2.3.2 Particle Size and Clay Mineralogy Analysis for Each Soil Type 
Particle size analysis and clay mineralogy analysis determined the percentage of 
clay, sand, and silt, and type of clay for each soil type at two depths, 0 to 15 cm and 15 to 
30 cm (Tables 50 and 51). For all three soil types, the amount of clay increased as soil 
depth increased. In the Grenada, the percentage of silt increased with soil depth while the 
percentage of sand decreased with soil depth. It was concluded that the textural class for 
all three soil types at both depths was silt loam (Table 50).  
Clay mineralogy analysis determined that minerals within each soil type varied, 
and varied by soil depth for each soil type. All three soil types contained 
vermiculite/hydroxy interlayered vermiculite (HIV), mica, quartz at the 0-15 cm depth, 
and kaolinite at both depths. All soil types had feldspar at the 15-30 cm depth and 
interstratified varied between soil types and the depth that the soil sample was taken 
(Table 51). Smectite only appeared in the Crider soil type, and was within both sampling 
depths.  
2.3.3 Changes in Soil Potassium Levels Over Time  
The ANOVA (Table 52) showed significant main effects of soil type, treatment, 
and sampling time (p≤0.0001 for each) for samples collected between 0 and 21 months 
after treatment.  There were also significant interactions for soil type*treatment 
(p=0.0002), soil type*sampling time (p≤0.0001), and treatment*sampling time 
(p=0.0011). When data were analyzed within each soil type, treatments were different 
from each other over time within each soil type, Crider (p≤.0001, Figure 4), Zanesville 
(p=0.0308, Figure 5), and Grenada (p=0.0002, Figure 6).   
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Seasonal fluctuations were evident for each potassium treatment following 
potassium applications for all three soil types. The Crider and Zanesville soil types 
showed drastic decreases in soil potassium at nine months after application (September 
2017), as well as another decrease at 18 months after application (June 2018) (Figures 4 
and 5). The Grenada soil type showed more variation in soil potassium than the Crider or 
Zanesville, showing a major decrease at nine months after application, but also smaller 
decreases at 15 and 21 months. (Figure 6). At the nine-month sampling date, the two 
months prior had well below average rainfall. This potentially could have an effect on the 
low K levels that were identified in the nine-month sampling data. Under these dry 
conditions the K could have been trapped between clay layers preventing the K from 
being extracted in the soil sample due to more potassium being below the 15 cm sample 
depth. For the 15 and 21 month sampling, this again could be attributed to dry conditions 
from below average rainfall for the months prior to and the month the samples were 
taken. The nine month sampling date and the 21 month sampling date were both in 
September of 2017 and 2018.  
In the Crider and Zanesville soil types, the KCl X2 treatment had the biggest 
effect on potassium levels, as expected. At the majority of the sampling dates, the KCl 
X2 treatment had higher soil K levels compared to the other two potassium treatments. In 
the Grenada soil type, however, the KCl treatment had the highest K levels in the 
majority of the sampling times. Interestingly, the untreated control that received no 
potassium also showed variation in soil potassium levels over time, particularly in the 
Grenada soil type. Again, this could have been affected by temperature and precipitation 
fluctuations that occurred from 2016 to 2018. Murdock and Call (2006) state that 
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seasonal fluctuations are heavily controlled by the patterns of when nutrients are taken up 
or released by the current crop or if no crop, by environmental conditions. When 
comparing the sampling dates to the precipitation that was accumulated in that month and 
the months prior, there is a trend toward lower K levels when below average rainfall 
occurred in a one to two month period prior to sampling. Soil sampling annually in the 
spring of the year, and at the same time each year, will be beneficial to increasing 
consistency of soil test results and help ensure that the crop receives what it needs 
(Murdock and Call, 2006; Ritchey and McGrath, 2018).  
The ANOVA for the two year (24 month) sampling that was split into two 
different depths (0 to 7.5 cm and 7.5 to 15 cm) showed significant main effects of soil 
type (p=0.0015) and depth (p≤.0001). There was also a significant interaction between 
soil type and depth (p≤.0001) (Table 52). There were no significant differences in K 
levels between potassium treatments in any of the three soil types and at either depth in 
the two-year sampling. However, K levels were different between soil types within each 
depth, and between depths within each soil type (Table 53).  Two-year potassium levels 
were highest at both depths in the Crider soil compared to the other soil types, and higher 
in the top 7.5 cm in both the Crider and Grenada compared to the deeper 7.5 to 15 cm soil 
depth.  At two years in the Zanesville soil, potassium levels were higher in the deeper 7.5 
to 15 cm depth.  These data show that, at least at two years after potassium application, 
the majority of the potassium was in the top 7.5 cm of soil in two of three west Kentucky 
soils.  
These data also show that highest potassium levels in soil generally occur 
between 12 and 15 months after potassium application. Similarities in soil potassium 
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levels over time were seen in the Crider and Zanesville soils.  Potassium levels in the 
Grenada soil type showed too much variation over time to determine when maximum 
potassium levels occur following potassium application.  
Table 54 illustrates the changes in soil test K that occurred between fall potassium 
applications based on fall soil test recommendations and soil test taken the following 
spring (March 2016 in each soil type. The Crider soil type had the lowest initial soil test 
K, thereby having the highest K recommendation of the three sites. However, the Crider 
site also exhibited the greatest response to fall-applied potassium, having the highest soil 
test K the following spring. The Zanesville and Grenada sites respond similarly to fall-
applied potassium. However, both sites still required 130 to 195 kg K ha-1 the following 
spring compared to no more than 46 kg K ha-1 at the Crider site. According to these 
results, fall potassium applications made to well-drained soils such as Crider silt loam 
would come much closer to satisfying the K requirements from fall soil test by the 
following spring than lesser well-drained soils such as Zanesville or Grenada.  
2.4 Conclusion 
 All three of the soil types tested were classified as silt loams. In all three soil 
types, clay content increased with soil depth. For the Grenada soil type, as the soil depth 
increased, the amount of silt that was present also increased but the amount of sand 
decreased. For all three soil types, vermiculite/HIV, mica, and quartz were present in the 
0-15 cm sampling depth. At the 15-30 cm sampling depths, feldspar was present in all 
three soil types. Smectite was only present in the Crider soil type and was in both the 0- 
15 cm and 15-30 cm sampling depths. In the Crider and Zanesville soil types, the KCl X2 
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treatment had the greatest effect on potassium levels, whereas in the Grenada soil type 
the KCl treatment had the greatest effect on potassium levels. These data indicate that the 
highest potassium levels in soil generally occur between 12 and 15 months after 
potassium application in the Crider and Zanesville soil types. For all three soil types, 
seasonal fluctuations in potassium levels were evident for each of the potassium 
treatments, and were likely influenced by seasonal fluctuations in precipitation. These 
fluctuations in precipitation can potentially influence the soil potassium levels that were 
observed in 2017 and 2018. Fluctuations in soil test K are observed almost every year 
(Murdock and Call, 2006). Seasonal fluctuations in soil test K values make K 
recommendations difficult. Within all three soil types it appears the soils fix added 
fertilizer K over time.  
More moisture in the soil can relate to higher soil test K values, and drier soils can relates 
to lower soil test K values. Therefore, this can explain lower K values in the Crider and 
Zanesville soil type at the 9-month sampling date (Figure 6). Precipitation in the month 
prior and the month of sampling was lower than the 30-year average (Figure 3). When 
soils are dry, the interlayer can collapse and trap K, making soil test K values lower. 
Minerals such as Vermiculite/HIV have the potential to trap K when soils are dry, again 
making soil test K lower than if soils had a higher moisture content. In the Crider and 
Zanesville soil types, there was a greater clay content (Table 50), which can be 
contributed to the greater changes in the soil test K values compared to the Grenada soil 
type (Figures 5, 6 and7). The Grenada soil type had a greater silt content and lower clay 
content than the Crider and Zanesville (Table 50), and therefore may contribute to 
smaller seasonal changes in soil test K. The Crider soil type is a well drained soil, that 
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Table 48. Potassium fertilizer application rates for field study at each location. 
Soil Type  Location  Previous Crop  kg K ha-1a 
Crider Princeton Corn 224 
Zanesville  Princeton Fescue  247 
Grenada  Murray Bermudagrass  171 











































Princeton 12/05/2016 03/09/2017 06/07/2017 09/11/2017 12/05/2018 04/06/2018 07/09/2018 09/12/2018 
12/17-
12/19/2018 
Murray 12/06/2016 03/08/2017 06/08/2017 09/14/2017 12/07/2018 04/05/2018 07/12/2018 09/11/2018 12/19/2018 
























     









0-15 16.4 7.7 75.9 Silt Loam  
15-30 23.7 3.9 72.4 Silt Loam  
Crider 
0-15 17.2 2.8 80 Silt Loam  
15-30 23.1 1.7 75.2 Silt Loam 
Murray Grenada 
0-15 12 12.4 75.6 Silt Loam 
15-30 14.5 8 77.5 Silt Loam 
 
91 
Table 51. Minerals within each soil type. 
a Minerals are not listed in orders of prevalence. 
Location Soil Type Prior Crop  Depth (cm) Mineralsa 













































Table 52. Analysis of variance for bare ground study for different sampling dates and two year sampling at different depths.  
Effect DF  Pr>F 
K Levels for different sampling dates 
(0 to 21 months) 
  
Soil Type 2 <.0001 
Treatment 3 <.0001 
Soil Type*Treatment 6 0.0002 
Time 7 <.0001 
Soil Type*Time 14 <.0001 
Treatment*Time 21 0.0011 
Soil Type*Treatment*Time 42 0.8009 
Two year sampling date at different 
depths (24 months only) 
  
Treatment 3 0.203 
Soil Type 2 0.0015 
Treatment*Soil Type 6 0.5084 
Depth 1 <.0001 
Treatment*Depth 3 0.3742 
Soil Type*Depth 2 <.0001 
Treatment*Soil Type*Depth  6 0.1779 
Table 53. Soil type by depth interaction for K levels (kg K2O ha-1) in the two year sampling data where the 15 cm core was split 
between 0 to 7.5 cm and 7 to 15 cm depths. 
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Soil Type Depth (cm)  
 0 to 7.5 7.5 to 15 P-Value 
Crider 306 269 <.0001 
Grenada 217 105 <.0001 
Zanesville 143 233 <.0001 

















Table 54. Change in soil test K levels (kg K ha-1) from fall to spring with fall potassium applications (kg ha-1).  
 Princeton Murray 































No Fall K 220  281 111 149  186 195 123  165 214 
Fall K2SO4 204 
224 
412 28 126 
247 
187 195 132 
171 
253 139 
Fall KCl 196 376 46 131 241 149 194 264 130 
Fall KCl 
2X 
181 448 556 0 137 495 306 93 145 342 277 111 
a Initial composite soil samples taken from each site in November 2016 indicated low soil test K (<224 kg K ha-1). Fall soil test was taken in 
December 2016. Potassium was applied following December soil test but was based in recommended from initial soil test taken from each site in 
November 2016. Spring soil test was taken in March 2016. Fall and Spring soil test values are the mean of four replications of each treatment at 
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Figure 5. Soil K levels (kg K ha-1) in Crider soil type for each treatment and sampling data that occurred every three months over a 























Figure 6. Soil K levels (kg K ha-1) in Zanesville soil type for each treatment and sampling data that occurred every three months over a 










































 REFERENCES  
Bowman, D.T., R.D. Miller, A.G. Tart, C.M. Sasscer, JR. Rufty, et al. 1989. A Grade Index 
for Burley Tobacco. Tobacco Science. 33:18-19. 
Brunnemann, K.D., J. Masaryk, and D. Hoffman. 1983. Role of Tobacco Stems in the 
Formation of N-Nitrosamines in Tobacco and Mainstream and Sidestream Smoke. 
Journal of Agriculture and Food Chemistry. 31(6):1221-1224. 
doi:10.1021/jf00120a020 
Collins, W. and S. Hawks. 1993. Fertilization. In: W. Collins et al., Principles of Flue-Cured 
Tobacco Production. p. 97-139 
Dibb, D. and W. Thompson. 1985. Interaction of Potassium with Other Nutrients. In: R.D. 
Munson, editor, Potassium in agriculture. ASA, CSSA, and SSSA, Madison, WI. p. 
515-530.  
Djordjevic, M.V, S.L. Gay, L.P. Bush, and J.F. Chaplin. 1989. Tobacco-Specific Nitrosamine 
accumulation in distribution in Flue-Cured Tobacco Alkaloid Isolines. J. Agric. Food 
Chem. 37(3):752-756. doi:10.1021/jf00087a040 
Evanylo, G. and J Sims. 1987. Nitrogen and Potassium Fertilization Effects on Yield and 
Quality of Burley Tobacco. Soil Sci. Soc. Am. J. 51:1536-1540. 
Fisher, S., B. Spiegelhalder, J. Eisenbarth, and R. Preussmann. 1990. Investigations on the 
Origin of Tobacco-Specific Nitrosamines in Mainstream Smoke of Cigarettes. 
Carcinogenesis. 11(5): 723-30. 
Food and Drug Administration (FDA). 2009. Family Smoking Prevention and Tobacco 
Control and Federal Retirement Reform. Division A- Family Smoking Prevention and 
Tobacco Control Act. Public Law. 111:31. 
Fuqua, B., J. Leggett, and J. Sims. 1974. Accumulation of Nitrate and Chloride by Burley 
Tobacco. J. Plant Science. 54:167-174. 
Galloway, A. 2017. Dark Air Cured Tobacco Budget. University of Tennessee Institute of 
Agriculture. 
Galloway, A. 2017a. Dark Fire Cured Tobacco Budget. University of Tennessee Institute of 
Agriculture. 
Galloway, A. 2017b. Burley Tobacco Budget. University of Tennessee Institute of 
Agriculture. 
Hecht, S. 1998. Biochemistry, Biology, and Carcinogenicity of Tobacco-Specific 
Nitrosamines. Chemical Research in Toxicology. 11(6):559-603. 10.1021/tx980005y 
Hoffman, D., K. Brunnemann, B. Prokopczyk, and M. Djordjevic. 1994. Tobacco-Specific 
N-Nitrosamines and Areca- Derived N-Nitrosamines: Chemistry, Biochemistry, 
Carcinogenicity, and Relevance to Humans. Journal of Toxicology and 
Environmental Health. 41 (1):1-52. 
Huber, D. and D. Arny. 1985. Interactions of Potassium with Plant Disease. In: R.D Munson, 
editor, Potassium in agriculture. p. 467-478. 
103 
 
Ishizaki, H. and T. Akiya. 1978. Effects of Chlorine on Growth and Quality of Tobacco. 
JARQ. 12(1):1-6. 
Jack, A., L. Bush., and A. Bailey. 2019. TSNA in Burley and Dark Tobacco. In 2019-2020 
Burley and Dark Tobacco Production Guide. In: B. Pearce et al., editors. University 
of Kentucky Cooperative Extension Service, Lexington, KY. p. 64-68.  
Jeffers, D., A. Schmitthenner, and M. Knoetz. 1982. Potassium Fertilization Effects on 
Phomopsis Seed Infection, Seed Quality, and Yield of Soybeans. Agron. J. 47(5):886-
890. 
Johnson, G. and J. Sims. 1986. Response of Burley Tobacco to Application Date, Source, 
and Rate of Potassium Fertilizer. Tobacco Science. 30:138-141. 
Kavvadias, D., G. Scherer, M. Urban, F. Cheung, G. Errington, et al. 2009. Simultaneous 
Determination of Four Tobacco-Specific N-Nitrosamines (TSNA) in human urine. 
Journal of Chromatography B. 877(11-12):1185-1192. 
Lean, E., and M. Watson. 1985. Soil Measures of Plant-Available Potassium. In: R.D. 
Munson, editor, Potassium in agriculture. p. 277-305. 
Leggett, J., J. Sims, D. Gossett, U. Pal. 1977. Potassium and Magnesium Nutrition Effects on 
Yield and Chemical Composition of Burley Tobacco Leaves and Smoke. Canadian 
Journal of Plant Science. 57(1): 159-166.  
Miller, R., and P. Legg. 1990. A Grade Index for Type 22 and 23 Fire-Cured Tobacco. 
Tobacco Science. 34:102-104. 
McCants, C. 1960. Response of Flue-cured Tobacco to Potassium Nitrate and Other Sources 
of Potassium and Nitrogen. Tob. Sci. 4:223-228. 
Moustakas, N. and H. Ntzanis. 2005. Dry Matter Accumulation and Nutrition Uptake in 
Flue-Cured Tobacco (Nicotiana tabacum L.). Field Crops Research. 94(1):1-13. 
Murdock, L. 1982. Seasonal and Yearly Fluctuations of Soil Tests. Soil Science News and 
Views. 3(6):1-2. 
Murdock, L. and D. Call. 2006. Managing Seasonal Fluctuations of Soil Tests. University of 
Kentucky Cooperative Extension Service, Lexington, KY.  
Myher, D., O. Attoe, and W. Ogden. 1956. Chlorine and other constituents in relation to 
tobacco leaf-burn. Soil Sci. Soc. Am. Proc. 20:547-551. 
    Pearce, R. and P. Denton. 2013. Field Selection, Tillage, and Fertilization. In:K. Seebold, et al. 
editors, 2013-2014 Kentucky and Tennessee Tobacco Production Guide. University of 
Kentucky Cooperative Extension Service, Lexington, KY. p. 23-28. 
Ritchey, E. and J. McGrath. 2018. 2018-2019 Lime and Nutrient Recommendations. 
University of Kentucky Cooperative Extension Service, Lexington, KY. (AGR-1). 
Ritchey, E., R. Pearce, R. Reed. 2017. Fertilization. In: B. Pearce, et al., editors, 2017-2018 
Burley and Dark Tobacco Production Guide. University of Kentucky Cooperative 
Extension Service, Lexington, Ky. p. 30-32. ID -160. 
SAS Institute. 1994. The SAS system for Windows. Release 9.4 SAS Inst., Cary, NC.  
104 
 
Sims, J. 1985. Potassium Nutrition of Tobacco. In: R.D Munson, editor, Potassium in 
agriculture. p. 1023-1039. 
Stout, P., W. Meagher, G. Pearson, and C. Johnson. 1951. Molybdenum Nutrition of Crop 
Plants. I. The influence of phosphate and sulfate on the absorption of molybdenum 
from soils and solution cultures. Plant Soil 3(1):51-87.  
Soil Survey Staff. 2018. Web soil survey: Soil data mart. USDA-NRCS. 
https://websoilsurvey.sc.egov.usda.gov/App (accessed 10 Dec. 2018). 
United States Department of Agriculture (USDA). 1992. Tobacco. Situation and Outlook 
Report. TS-221. p. 17. 
United States Department of Agriculture (USDA), NASS. 2017. www.nass.usda.gov 
(accessed 10 Dec. 2018). 
Usherwood, N. 1985. The Role of Potassium in Crop Quality. In: R. Munson, editor, 
Potassium in agriculture. p. 489-509.  
Vann, M., L.P. Fischer, D. Jordan, D. Hardy, W. Smith and A. Stewart. 2012. The Effect of 
Potassium Rate on the Yield and Quality of Flue-Cured Tobacco (Nicotiana Tabacum 
L.). Tobacco Science 49:14-20. https://doi.org/10.3381/12-019R.1 
Wang, T., B. Kenemer, M. Tynan, T. Singh, and B. King. 2016. Consumption of 
Combustible and Smokeless Tobacco – United States, 2000-2015. MMWR Morb 










A.S. in Science May 2014 
B.S. in Science May 2016 
 
Positions held:  
Graduate Research Assistant, University of Kentucky, College of Agriculture, Food 
and Environment, Department of Plant and Soil Science, August 2016 - current 
 
Andrea Brooke Keeney 
